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Abstract 
 
Investigations of shrinkage phenomena during solidification and cooling of aluminium and aluminium-silicon alloys (AlSi5, AlSi7, 
AlSi9, AlSi11, AlSi12.5, AlSi18, AlSi21) have been conducted. A vertical shrinkage rod casting with circular cross-section (constant or 
fixed: tapered) has been used as a test sample. By constant cross-section a test channel mould was parted and allowed a constrained 
contraction to examine. No parted test channel mould was tapered and allowed an unconstrained contraction to investigate. In the  
experiments  the  dimensions changes of solidifying test bar and the test mould have been registered, what has allowed to explain a 
mechanism of pre-shrinkage extension of solidifying metals and alloys. Registered time dependence of the test bar and the test mould 
dimension changes have shown, that so-called pre-shrinkage extension has been by mould thermal extension caused. The investigation 
results have also shown that time- and temperature dependences of shrinkage of  Al-Si alloys have been on silicon concentration depended.  
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1. Introduction 
 
In parallel paper [1] a new version of an experimental set-up 
for examination  of linear contraction and shrinkage stresses 
progress of metals and alloys during– and after solidification   has 
been described. The new version is significant development of the 
early design [2]. In both cases of the designs it was possible to 
measure the linear displacement of the sample (shrinkage rod 
casting) and the mould wall. Already the investigations conducted 
by the first version of design [3,4,5] shown that so-called pre-
shrinkage extension might be caused by thermal elongation of the 
test mould. This not agreed with opinion of professional literature 
[6,7,8], that the pre-shrinkage expansion is mainly due to the 
evolution of gases and depends on the amount of dissolved gas in 
the melt. Usage in the new design of a displacement sensor with a 
return spring gave a possibility to easy measurement not only the 
thermal expansion of the test channel mould but also her thermal 
contraction. This should help to judge what opinion is correct.  
In order to proof an effectiveness of the new setup to 
investigation of the shrinkage phenomena in Al-Si alloys some 
experiments have been conducted on aluminium and AlSi5, 
AlSi7, AlSi9, AlSi11, AlSi12.5, AlSi18, AlSi21 alloys. Some 
results have been presented below. 
 
 
2. Experimental  
 
Aluminium and Al-Si alloys were in resistance furnace melted 
using clay -graphite crucible. The binary alloys were alloyed by  
silicon introducing into melted aluminium. For each alloy and 
each test sample five experiments have been carried out: 1) cold 
mould, 100°C melt superheat; 2, 3, 4) 130°C mould temperature 
and 100°C melt superheat, 5) as in 2-4, but 150°C superheat. a) 
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Fig. 1. Linear contraction of the AlSi7 alloy in pre-heated to 130 °C tapered mould: a) first 240 second time dependence of: metal (T1) 
and mould (T2) temperatures, temperature time derivative (T1’), test sample  (S) and mould (Sm) length changes, b) temperature 
dependence of relative contraction S(T) and length of sample temperature derivative L’(T) 
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Fig. 2. Linear contraction of the AlSi7 alloy in pre-heated to 130 °C no tapered mould: a) first 240 second time dependence of: metal (T1) 
and mould (T2) temperatures, temperature time derivative (T1’), test sample  (S) and mould (Sm) length changes, b) temperature 
dependence of relative contraction S(T) and length of sample temperature derivative L’(T) 
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Fig. 3. Linear contraction of the AlSi21 alloy in pre-heated to 130 °C tapered mould: a) first 240 second time dependence of: metal (T1) 
and mould (T2) temperatures, temperature time derivative (T1’), test sample  (S) and mould (Sm) length changes, b) temperature 
dependence of relative contraction S(T) and length of sample temperature derivative L’(T) 
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Fig. 4. Linear contraction of the AlSi21 alloy in pre-heated to 130 °C no tapered mould: a) first 240 second time dependence of: metal 
(T1) and mould (T2) temperatures, temperature time derivative (T1’), test sample  (S) and mould (Sm) length changes, b) temperature 
dependence of relative contraction S(T) and length of sample temperature derivative L’(T) 
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Fig. 5. Temperature dependence of relative contraction S(T) and length of sample temperature derivative L’(T), pre-heated to 130 °C 
tapered mould: a) AlSi12.5 alloy, b) AlSi11 alloy 
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Fig. 6. AlSi5 alloy: temperature dependence of relative contraction S(T) and length of sample temperature derivative L’(T); tapered 
mould pre-heated to 130 °C 
 
 
Table 1. 
Average value and standard deviation (in brackets) of relative contraction (extrapolated to 20°C) 
 A0  AlSi5  AlSi7  AlSi9  AlSi11 AlSi12.5 AlSi18  AlSi21 
Tapered channel  1.22 (0.06)  1.01 (0.03)  0.85 (0.12) 0.93 (0.08) 0.95 (0.11) 0.57 (0.09)  0.56 (0.02)  0.65 (0.07) 
No tapered channel  1.21 (0.22)  0.94 (0.04)  1.00 (0.16) 0.91 (0.15) 0.81 (0.08) 0.63 (0.11)  0.48 (0.05)  0.58 (0.02) 
Together  1.22 (0.15)  0.97 (0.05)  0.94 (0.15) 0.92 (0.12) 0.88 (0.12) 0.59 (0.09) 0.52  (0.06) 0.62  (0.06) 
 
In all of the experiments the temperature (T1) of shrinking sample 
at inlet of the test mold channel and the temperature (T2) of the 
test channel mould wall were registered (see Fig. 1 in [1]). In one 
case the sample temperature has been measured in six points  [1]. 
For analysis of the registered data a computer program elaborated 
by author of this paper was used. As analysis results the Figs. 1-6 
were obtained. In all of the  pictures same specific time-oriented 
points have been marked by letter: A- for pouring temperature 
(maximum of temperature T1), L- for a liquidus temperature on 
T1, K- for the end of solidification on T1, P- for begin of real 
contraction, M- for maximum of the mould wall temperature, Z- 
for total measuring time. With another letter (F,G, H, I, J,….) 
some  characteristic points on derivatives have been marked. At 
the left side of all the pictures some values for marked points have 
been  written in successive lines (for more information see [1]). 
Figs. 1a, 2a, 3a, 4a show the time dependence (first 240 second) 
of the temperatures T1, T2 as well as of the sample (S) and the 
mould (Sm) shrinkage.  
Figures 1b, 2b, 3b, 4b, 5, 6 show a relative contraction S(T) 
and a length of sample temperature derivative L’(T) as functions 
of T1 temperature. In all cases the curves of relative contraction 
have been  extrapolated to the room temperature (20°C) using the 
line function (S=aT+b). Function value in 20°C (s(20)) as well as 
the values of function parameters (a, b) have been written in 
Figures area. 
Analysis of the time dependence of shrinkage sample 
temperatures (measured in 6. points) [1] lets to see, that even by 
aluminium a temperature gradient on cross-section of test channel 
is not great and rapidly decreases after solidification. Taking this 
into account and the temperature dependences of linear 
contraction ([1], Figs. 4b, 5) it seems, that this relation is very 
well expressed by T1-temperature. Therefore, the shrinkage 
temperature dependences for remaining alloys have been also as 
functions of T1-temperature presented. In all cases it is clearly to 
see that abrupt shrinkage changes have place always by 
solidification range temperatures (liquidus, solidus). By another 
temperatures the shrinkage rate (by length of sample temperature 
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the left side of pictures). 
Analysis of the shrinkage time dependence for hypoeutectic 
(AlSi7) as well as for hypereutectic (AlSi21) alloy (Figs. 1-4) 
shows that in both cases (independently on test channel version) 
the test sample elongation in first time period  are nearly equal to 
this one for test channel wall. This means that described in 
literature so-called pre-shrinkage extension is mainly caused by 
mould thermal expansion. 
 
 
3. Conclusion 
 
The main conclusions of this work are: 
 
−  pre-shrinkage extension of solidifying aluminium and 
aluminium-silicon alloys is first of all by mould thermal 
extension caused, 
−  pre-shrinkage extension of solidifying aluminium and 
aluminium-silicon alloys is in small degree on silicon 
concentration depended and on the average amounts about 
0.3-0.5%, 
−  results of relative contraction are not identical depended in 
meaning on the test mould version (tapered/no tapered test 
channel: constrained/unconstrained contraction) (Table 1), 
−  average value of relative linear contraction decrease slowly 
with the growth of silicon concentration to eutectic value, 
−  by eutectic concentration the average value of relative linear 
contraction decrease abruptly (Table 1), 
−  in hypereutectic range the influence of  the silicon 
concentration on average value of relative linear contraction 
is small (Table 1),  
−  shrinkage process (shrinkage behaviour) of eutectic- and 
hypereutectic alloys is similar and differ from this for 
hypoeutectic one. 
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